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Cultures.--Cultures were placed in D5 Carrel flasks and consisted of 0.5 ml. of plasma, 1.0 ml. of tissue extract, and four explants d spleen placed in the medium before clotting occurred.
Q~nti~i~e St~ies.--The extent of migration of small wandering cells was determined at 24 hours of incubation. The average radius of the migration zone was determined for each explant with an ocular micrometer at a magnification of 60 (62.5 ocular micrometer units equal I ram.). The average value was determined for each series of 12 explants and the variation within the series was expressed as the standard error of the mean. The migration of large wandering ceils or macrophages was determined in a similar manner at 96 hours d incubation and was expressed in ocular micrometer units. Statistical analysis of the data and probability values were determined by the methods described by Treloar (11) .
The toxicity of the ant~en was determined by comparing the extent d cellular migration in test cultures with that observed in control cultures. The results were expressed in terms of a cytotoxic index in which a value less than 0.90 usually indicated toxicity. The relative effect of the antigen on normal tissue and on the tissue of infected animals was expressed in terms d a comparative cytotoxic index. A value less than 0.90 usually indicated specific toxicity of the antigen for the infected animal's tissue. The formulas used in these calculations are presented in the tables.
Hiaologic Mahods.--Cultures d spleen for histologic examination were made on 22 ram.
• round coversIips by a method previously described (8) . At different intervals during incubation representative cultures from each experimental series were fixed in Zenker-formol solution and sections were prepared by the method described by King (12) . Sections were stained by modifications of the eosin-azure and Domirdci techniques.
Agglutination Tests.wSerial twofold dilutions of guinea pig serum or tissue culture medium were made in 0.85 per cent NaC1 solution in amounts of 0.5 ml. To each was added 0.5 ml of a suspension of Br. suis strain 364 in a solution of 0.85 per cent NaC1 and 0.5 per cent phenol.
The density of this suspension was adjusted to approximately 2.2 × l0 s bacteria per ml. by nephelometric methods. Tests were also carried out with known positive and negative sera. Tubes were shaken, incubated in a water bath at 37°C. for 48 hours and observed for agglutination.
EXPEI~IMENTAL
Guinea Pigs Infected v.~th Br. suis.--The experimental brucellosis produced with Br. su~ strain 364 assumed different degrees of severity. Cachectic animals or those suffering from terminal stages of the disease were not used. The bacteriologic and serologic dam on guinea pigs used as a source of tissue for in ~tro studies are presented in Table I . The spleens of Brucella~infected animals were soft in consistency and were from two to several times larger than normal. Enlarged lymph nodes were observed in most of the animals examined during the first few weeks after inoculation. A swelling of one or more joints occurred in over half of the infected guinea pigs. A unilateral epididymitis was present in one instance. Detailed microscopic examination for evidence of brucellosis was not carried out. Normal splenic tissue was grown in a medium prepared with the blood of normal guinea pigs. Each experiment consisted of a series of control cultures and one to three series containing different concentrations of antigen.
The results of individual experiments are presented in Table H . As was expected, a wide variation in the extent of cellular migration was observed in experiments carried out on different days. The variation within each experi- mental group, however, was not great. Large wandering cells were more sensitive than leucocytes to the toxic effect of the antigen. A concentration of 2.4 X 10 e bacteria per ml. resulted in a decrease of about 30 per cent in the migration of normal macrophages, with well marked degenerative changes observable in unstained cultures. A concentration of 1.2 X l0 s bacteria per ml. caused a significant but moderate degree of inhibition. Half the amount of antigen (6 X l0 s bacteria per ml.) caused a slight degree of inhibition in one of two experiments.
Toxicity of the antigen for cultures of spleen from Brucella-infected guinea pigs:
Explants of spleen from infected animals were grown in normal medium containing different concentrations of antigen, as well as in normal medium without the addition of antigen.
The results of growth measurements, presented in obtained in each group of experiments is arranged in order of decreasing concentrations of antigen. Although the effect of the same amount of antigen varied somewhat in different experiments, it was possible to observe concentrations that caused a minimal, moderate, and severe toxic effect on cells from normal or infected animals. Thus, under these experimental conditions, the toxicity of the whole antigen was roughly ten times as great for the tissue of infected animals as for tissue from normal a~mals. For convenience the term "Brucdla-sensitive cells" will hereafter designate cells from guinea pigs with experimental brucellosis.
Histologic studies:
A representative experiment in which stained sections were prepared from tissue cultures after different periods of incubation, is reported below. Fragments of spleen from a normal guinea pig and a guinea pig infected 3 months previously with By. su/s (guinea pig 6) were grown in a normal medium and in medium containing 1.2 X 10 ° heat-killed cells of Br. ruts per ml. Cultures from each experimental group were fixed in Zenker-formol solution at 4, 8, 12, 24, and 48 hours of incubation. Sections stained with eosin-azure were used to observe cells in the explant whereas those stained by the Dominici technique were used for studying the morphology of cells in the migration zone.
The spleen of the infected guinea pig was soft and enlarged 2~ X. Microscopic examination showed changes characteristic of brucellosis, namely, hypertrophy of the white pulp, and a uniform increase in the number of reticulure cells in the pulp spaces. Granulomas were not seen, and areas of necrosis were not observed.
Hist'ologic examination of tissue cultures of normal spleen in a medium free from Brucdla antigen revealed the following sequence of events. At 4 hours of incubation polymorphonuclear leucocytes were present in the migration zone, and at 8 hours lymphocytes also appeared, comprising about 15 per cent of migrating cells. The proportion of lymphocytes to other migrating cells increased to 40 per cent at 12 hours at which time a few of the granulocytes had degener- ated. Eosinophiles were occasionally seen in cultures of normal tissue but represented less than 1 per cent of cells in the migration zone. At 12 hours a definite thinning-out of cells in the explant had occurred. Most of the remaining leucocytes had degenerated, but the connective tissue elements in the explant were intact. At 24 hours a few macrophages were seen in the migration zone, and there was a slight increase in the number of degenerated granulocytes, although most of the leucocytes appeared normal. Within the explant there was an increase in connective tissue cells and in the number and size of large phagocytic cells, especially at the periphery. At 48 hours many macrophages appeared in the migration zone and dead cells and cellular debris had largely been removed from the area by the large phagocytic cells. A few degenerated leucocytes re-mained in the outer migration zone. Fibroblasts were seen at the edge of the explant, but fibroblastic extension into the plasma clot was not observed (Fig. 1) .
The appearance of cultures of normal tissue to which antigen was added was similar to that of control cultures. The granulocytes were somewhat more ameboid than in control cultures and macrophages appeared earlier and were somewhat more numerous. A few macrophages were present at 12 hours, and at 24 hours comprised 4 per cent of migrating cells. About the same number of degenerated leucocytes was observed in cultures containing antigen as in control cultures. At 48 hours a few of the macrophages in cultures containing antigen had degenerated but most of them appeared normal. Further proof that these cells were viable came from the observation that much of the cellular debris in the inner migration zone had been removed (Fig, 2) .
During the first 12 hours of incubation cultures of Brucella-sensitive spleen without added antigen were similar in appearance to cultures of normal spleen. The only differences noted were a moderate increase in the number and size of migrating lymphocytes early in the incubation period, and a consistent increase in the number of eosinophiles (2 to 3 per cent). At 24 hours the proportion of dead leucocytes was greater than in cultures of normal tissue, and macrophages were much more numerous, comprising 12 per cent of migrating cells. At 48 hours many fibroblasts were growing into the plasma clot and intact macrophages were observed throughout the migration zone. Cellular debris was almost completely absent except for a few degenerated leucocytes at the periphery of the migration zone (Fig. 3) .
The addition of antigen to tissue cultures of spleen from the infected animal caused profound cytologic changes. At 4 hours the migrating granulocytes were more ameboid than in control cultures and at 8 hours many had degenerated. At this time a few macrophages were seen near the explant. At 24 hours the degeneration of migrating leucocytes was almost complete, and there was an accumulation of cellular debris and erythrocytes throughout the migration zone. A few macrophages were present but most of them showed toxic changes such as loss of normal nuclear structure, an eccentric placement of the nucleus, and vacuolization of the cytoplasm. Connective tissue cells in the explant also showed abnormal nuclear structure and evidence of cytoplasmic degeneration. At 48 hours an almost complete degeneration of all cells had taken place, both in the explant and in the migration zone. Growth of fibroblasts into the medium was not observed. The presence of the heat-killed cells of Br. suls could not be detected in the sectioned material, either in the phagocytic cells or in the fibrin network. It was apparent, however, that the presence of antigen in the concentration employed had a profound toxic effect on cells of the sensitized animal. Similar experiments with splenic tissue from other Brucella~infected guinea pigs gave comparable results (Fig. 4) .
4.~ The Effect of Antibodies on the Specific Cytotoxic Reaction:
It was difficult to prepare satisfactory tissue culture media from the blood of infected, animals because of the increased concentration of lipides in many of the specimens. Even though cloudy sera were discarded, accumulations of lipoid material often developed on the surface of cultures causing degeneration of the cells. Because cultures were coded before measurements were made, experiments were accepted or rejected on the basis of the general The results of measurements of cellular migration at 24 and 96 hours are presented in Table V . The relative toxicity of the antigen for normal and sensitive tissue in normal medium and medium containing antibodies is presented in Table VI . The agglutiniu titers of tissue culture media containing Brucella antibodies were as follows: Experiment 13, 1-1280; Experiment 14, 1-5120; Experiment 15, 1-1280. In Experiment 13, agglutination tests were made on the supernatant fluid from cultures after 4 days of incubation. The presence of added Brucdla antigen did not decrease the titer of the medium containing antibodies. Similar tests were not carried out on incubated cultures in Experiments 14 and 15.
The variation in migration of normal and Brucella-sensitive cells in the two media was about the same as that observed in previous experiments with normal medium alone. Antigen in a concentration of 6 X 105 bacteria per ml. did not decrease the migration of normal or Brucella-sensitive leucocytes, but showed a definite toxic effect on macrophages which was slight for normal cells and marked for sensitive cells. The presence of antibodies in the medium decreased the toxicity of the antigen for both normal and Brucella-sensitive cells. When antigen in a concentration of 1.2 X 10 e bacteria per ml. was employed the presence of antibodies gave partial protection to both types of cells but this appeared to be greater for cells from infected animals than for normal cells.
This was particularly evident in Experiment 15. The possibility existed that the apparent difference in antitoxic activity was influenced by the fact that the initial toxicity of the antigen was greater for Brucdla-sensitive cells than for normal cells allowing a greater opportunity for protection. As a result, two experiments were carried out employing normal guinea pig spleen and high concentrations of Brucdla antigen (4.8 X 10S-bacteria per ml.). Duplicate tests were performed in normal medium and medium containing antibodies. In both experiments the toxicity of the antigen was slightly less in the presence of antibodies than in normal medium, but the differences were not great enough to be significant, indicating that the protective action of immune serum for normal cells was inadequate in the presence of large amounts of antigen. Agglutination tests on the supernatant fluid from cultures after 4 days of incubation showed that the amount of antigen used in the last two experiments did not decrease the titer of agglutinating antibodies for Brucella.
DISCUSSION
It is of some interest to compare the relative cytotoxic effect of Br. suis with that of other bacterial products used in tissue culture studies.
A valid comparison of results obtained with different culture methods is difficult; however, general experience has shown that large amounts of old tuberculin (O.T.) are necessary to demonstrate a specific cytotoxic effect, and that the toxicity of O.T. for normal tissue is relatively great due to the presence of impurities. Tissue culture methods similar to those used in the present studies were employed by Heilman and Seibert (13) to observe the effect of purified fractions of tuberculin on tissue cultures of spleen from normal and tuberculous rabbits. The concentrations of purified protein derivative of tuberculin (P.P.D.) that gave a specific cytotoxic effect in ~tro were several times greater than those used for intradermal testing. A concentration of P.P.D. that was toxic for normal cells, however, was more than six times as great as that required to elicit a similar degree of toxicity for sensitive cells. In experiments with extracts of group C hemolytic streptococci Moen found that a concentration of 1-6000 of the extract was toxic for sensitive cells, but only slightly toxic for normal cells (3) . The amount of streptococcal antigen suitable for demonstrating dermal sensitivity in infected animals was 0.1 ml. of a 1-200 solution (3).
The tenfold difference in toxicity of Br. suis for normal and sensitive cells compares favorably with the results previously reported with P.P.D. (13) . The selective toxicity of the whole Brucdla antigen was also evident from the microscopic examination of stained cultures. The toxic changes observed were qualitatively similar to changes previously described as resulting from the action of tuberculin on cultures of tuberculin-sensitive tissue (8) . The specific toxic action of Br. suis, however, was more striking than that of O.T. Concentrations of Brucdla that caused early and extensive degeneration in sensitive cultures had little or no effect on normal cells. As in Moen's study with strepto-coccal extracts, the toxicity of the whole Brucella antigen in tissue culture compared favorably with its activity in the intradermal test.
The specific eytotoxic action of tuberculin has not been shown to be decreased by the presence of serum and plasma from tuberculous animals (1) or by serum from rabbits inoculated with heat-killed tubercle bacilli in petrolatum in which precipitins for O.T. are present in high titer (14) . In this connection the recent reports of Fong, Schneider, and Elberg are of particular interest (15, 16) . They reported that serum from rabbits immunized with BCG protected immune monocytes (derived from rabbits immunized with BCG) but not normal monoeytes from the degenerative effects of virulent tubercle bacilli. They also observed that immune monocytes were more susceptible to the effect of O.T. and P.P.D. than were normal ceils, but immune serum had no effect on the eytotoxic action of these substances. The same investigators also observed a protective effect against the degenerative action of virulent tubercle bacilli on immune cells by heterologous serums (anti-Salmonella and anti-ovalbumin) as well as with homologous serums. This was observed only during the first 24 hours of the incubation period. On further incubation only the homologous antiserum protected immune monocytes against the destructive action of virulent tubercle bacilli.
In the present study homologous antiserum decreased the toxicity of Br. suis for normal cells as well as for Brucella-sensitive cells, although the protective effect was greater for Brucella-sensitive ceils than for normal cells. The results of studies presented by Moen do not indicate whether immune serum had an effect on the toxicity of the streptococcal antigen for normal tissue (4). The protection of sensitive cells by immune serum in Moen's study appears to be similar in degree to that observed in the present study.
The experiments on the effect of antibody presented here are of a preliminary nature only and do not provide information on the specificity of the reaction. The observations on the toxicity of the whole bacterial cell will serve as a basis of comparison for similar studies on the effect of brucellergen and other fractions derived from Brucella.
SUMMARy
Tissue culture methods have been used to investigate infectious allergy in experimental brucellosis. A study was made of the effect of whole cell Brucella antigen on cultures of spleen from normal and Brucdla-infected guinea pigs. The degree of toxicity was based upon the inhibition of migration of wandering cells and upon the morphologic appearance of stained sections of tissue cultures at different periods of incubation. A suspension of heat-killed Br. suis was more toxic for splenic cells from guinea pigs infected with Br. suis than for normal splenic cells. Macrophages were more sensitive than leucocytes to the toxic action of the antigen. The degenerative changes observed in Brucdla-sensitive cells exposed to the antigen were similar to the degeneration previously observed in cultures of tuberculin-sensitive cells in the presence of tuberculin. The specific toxicity of the whole Brucella antigen, however, was more marked than that of tuberculin. Preliminary experiments indicate that serum and plasma containing specific antibodies obtained from Brucdla-infected guinea pigs reduce the toxic effect of the antigen in cultures of both normal and Brucellasensitive cells. The protective action of the homologous antiserum was greater for Brucdla-sensitive cells than for normal ceils.
EXPLANATION OF PLATE 32
Sections of tissue cultures of guinea pig spleen fixed in Zenker-formol solution after incubation 48 hours. Modification of the eosin-azure stain. 
